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$\epsilonarrow 0$ $u^{\epsilon}$ $q=q(r)$
$\frac{d^{2}}{dr^{2}}q=2q(q-21),$ $q(\pm\infty)=\pm 1,$ $q(0)=0$
( $q(r)=tanh(r)$ ) $u^{\epsilon}=q(z^{\xi}/\epsilon)$
$z^{\mathcal{E}}$
$z_{t}^{\epsilon}- \triangle Z^{\epsilon}+\frac{2u^{\epsilon:}}{\epsilon}(|Dz^{\mathcal{E}}|^{2} - 1)$ $=0$ on $(0, +\infty)\mathrm{x}\mathcal{R}^{N}$
$\epsilonarrow 0$ $|Dz^{\epsilon}|-1arrow 0$ $\Gamma(t)$
$z^{\epsilon}=0$ $u^{\epsilon}=0$
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2Weak theory to motion by mean curvature
\S
$\mathcal{R}^{N}$ $\{\Gamma(t)\}_{t}$qo
(2.1) $V=\kappa$ on $\Gamma(t),$ $t>0$






2.1 Level set approach
$[18, 20]$











Remark 2. 1 $F$
$F(p, X+Y)\leqq F(p, X)$ $(\forall p\in \mathcal{R}^{N},\forall X, Y\in S^{N}, Y\geqq \mathit{0})$
geometric
(2.3) $F(\lambda p, \lambda X+\mu p\otimes P)=\lambda F(p, X)$
$(\forall p\in \mathcal{R}^{N},\forall X, \in sN,\forall\lambda>0,\forall\mu\in \mathcal{R})$













$w^{*}(x)= \lim_{rarrow 0}\sup\{w(y)||y-x|<r, y\in O\}$ ,
$w^{*}(x)= \lim_{rarrow 0}\sup\{w(y)||y-x|<r, y\in O\}$
Definition 2. 2 $u$ $(0, T)\cross \mathcal{R}^{N}$
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(1) $u$ (2.2) \mbox{\boldmath $\varphi$}\in C\infty $((0, T)\cross \mathcal{R}^{N})$ $u^{*}-\varphi$
$(t_{0}, X_{0})\in(0, T)\cross \mathcal{R}^{N}$ $(t_{0}, x_{0})$
$\varphi_{t}+F_{*}(D\varphi, D2\varphi)\leqq 0$
(2) $u$ \mbox{\boldmath $\varphi$}\in C\infty $((0, T)\cross \mathcal{R}^{N})$ $u^{*}-\varphi$




Definition 2. 3 $u_{0}$ 2.1 $u$ $u(\mathrm{O}, x)=u_{0}(x)$
(2.
$\Gamma(t)=\{x\in \mathcal{R}^{N}|u(T,X)=0\}$ $(\forall t\geqq 0)$
$\{\Gamma(t)\}_{t}\geqq 0$ (2.1)
(2.2)
Theorem 2. 4 (cf. [3, $\mathit{6}_{f}\mathit{1}\mathit{0},\mathit{1}\mathit{5}]$)
(1) $u$ (2. $v$ (2.2) $u_{\text{ }}v$
$0<t< \tau,x\mathcal{R}^{N}=\sup_{\in}\frac{|u(t,x)|+|v(t,X)|}{|x|+1}<+\infty$
$u$ $v$ $[0, T)\cross \mathcal{R}^{N}$ –
$u(\mathrm{O}, x)\leqq v(\mathrm{O}, x)$ $Q$ $u(t, x)\leqq v(t, x)$
(2) $u_{0}(x)$ $\mathcal{R}^{N}$ – $u(\mathrm{O}, x)=u_{0}(x)$
$[0,\tau)\cross \mathcal{R}^{N}$ – (2.2) $u(t, x)$ –
106
Theorem 2. 5 (cf. [4, 8]) $\{u_{n}\}$
$u_{t}+F_{n}(Du, D^{2}u)=0$ in. $(0, T)\cross \mathcal{R}^{N}$
( ) $K\subset(0, T)\mathrm{x}\mathcal{R}^{N}$
$\sup_{n}.\sup_{K}|..u_{n}|<+\infty$
$F_{*}(p, X) \leqq(q,Y)\lim_{arrow,narrow+(}\inf_{\infty}\mathrm{p},X)Fn(q, Y)$
$.(F^{*}(p,.X) \geqq\vee\lim_{(q,Y,narrow)arrow+}\sup_{)(\mathrm{p},x,\infty}F_{n}.(q.’ Y))$
$\overline{u}(t,x)=\lim_{arrow n+}\sup_{((\epsilon,t)arrow t,\mathit{8}),\infty}u^{*}(ns, y)$
$( \underline{u}(T,x)=(t)\lim_{S,,narrowarrow+}\inf_{\infty}u_{n}(*s, y(t, )))$
$\overline{u}(\underline{u})$ . (2. ( )
(2.3)
Theorem 2. 6 $(cf.[\mathit{3}, \theta J)\theta$ : $\mathcal{R}arrow \mathcal{R}$ $u$ 2)
( ) $\theta(u)$ (2. (
)
2. $5_{\text{ }}2.6$ (2.1)
Theorem 2. 7 $(cf.[\mathit{3},\mathit{6}])\Gamma_{0}\subset \mathcal{R}^{N}$ $\Omega_{0}\subset \mathcal{R}^{N}$ \Gamma o $=\partial\Omega_{0}$
$u_{0}$
$\Gamma_{0}=\{x|u_{0}(x)=0\},$ $\Omega_{0}=\{x|u_{0}(x)>0\}$
– $u$ $u(\mathrm{O}, x)=u_{0}(x)$ – (2.2)
$\Gamma(t).=\{x|u(t,x)=0\},$ $\Omega(t)=\{x|u(t,x)>0\}(t\geqq 0)$
$\Gamma(t)_{\text{ }}\Omega(t)$ $u_{0}$
Theorem 2. 8 (cf. [6]) $\Gamma_{0}\subseteq \mathcal{R}^{N}$ $\{\Gamma(t)\}t>=0$
$\Gamma(0)=\Gamma_{0}$ (2.1) $\{\tilde{\Gamma}(t)\}\iota^{\mathrm{c}}>0=$ \Gamma (0) $=\Gamma_{0}$
(2.1) $\Gamma(t)=\tilde{\mathrm{r}}(t)(\forall t>0=)$
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Definition 2. 9 $\{\Gamma(t)\}_{t_{=}}>0$
$d(t, x)=-\mathrm{d}\mathrm{i}\mathrm{s}\mathrm{t}(x, \overline{\Omega}(t))+\mathrm{d}\mathrm{i}\mathrm{s}\mathrm{t}(x, \mathcal{R}^{N}\backslash \Omega(t))$
.
$\Omega(t)$ $\partial\Omega(t)=\Gamma(t)$
(1) $\{\Gamma(t)\}t>_{0}=$ (2.1) $d\wedge \mathrm{O}$ (2.2)
(2) $\{\Gamma(t)\}t\geqq 0$ (2.1) $d\vee \mathrm{O}$ 2)
.
(3) $\{\Gamma(t)\}_{t\geqq 0}$ (2.1) (2.1)
$\chi_{A}$
$A\subset \mathcal{R}^{N}$ 2. $5_{\text{ }}2.6$
Theorem 2. 10 $\{\Gamma(t)\}t_{=}>0$ $\Omega(t)$ $\partial\Omega(t)=\Gamma(t)$
$\{\Gamma(t)\}_{t}\geqq 0$ (2.1) $($
) $x\Omega(t)$ (2. ( )
Theorem 2. 11 $u$ (2. – $\Gamma_{1}(t)_{\text{ }}\Gamma_{2}(t)$
$\Gamma_{1}(t)=\partial L(t),$ $L(t)=\{x|u(t, x)>0\}$ ,
$\Gamma_{2}(t)=\partial U(t),$ $U(t)=\{x|u(t, x)\geqq 0\}$
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$\{L(t)\}_{t}\geqq \mathit{0}_{\text{ }}\{U(t)\}_{t>}=^{0}$ 1)
(2.1) $\{\Gamma(t)=\partial\Omega(t)\}_{t}\geqq \mathit{0}\text{ }$ (2.1)
$\{\tilde{\Gamma}(\tau)=\partial\tilde{\Omega}(t)\}t_{=}>0$
$L(\mathrm{O})\subset\Omega(\mathrm{O}),\tilde{\Omega}(\mathrm{O})\subset U(0)$
$L(t)\subset\Omega(t),\tilde{\Omega}(t)\subset U(t)$ $\forall t\geqq 0$
3 Behavior of $u^{\epsilon}$ as $6arrow 0$
1. $u^{\epsilon}$
(1) $u^{\mathcal{E}}(t,X)=q(z(\epsilon t,X)/\epsilon)$ $|Dz^{\epsilon}(t,X)|\leqq 1$ $(\forall(t,X)\in(0, +\infty)\cross$
$\mathcal{R}^{N})$
(2) $d\mu_{t}^{\zeta}=\epsilon E\epsilon(t,x)dx_{\text{ }}E^{\epsilon}(t,x)--|Du^{\epsilon}|^{2}/2+((u^{\mathcal{E}})^{2}-1)2/2\epsilon^{2}$
$c_{0}= \sup_{e>0}\mu^{\epsilon}0(\mathcal{R}^{N})<.+\infty$ ,
$\mu_{0}^{e}arrow\mu_{0}$ in the sense of Radon measures $(\epsilonarrow 0)$
Theorem 3. 1 $\epsilon_{n}\downarrow 0$ $\mu_{t}$
$\mu_{t^{n}}^{e}arrow\mu_{t}$ in the sense of Radon measures $(narrow+\infty, \forall t\geqq 0)$
$\Gamma(t)=\mathrm{s}\mathrm{p}\mathrm{t}\mu_{t}$ (2.2)





(3.2) $DE^{e}=-Duu+\mathcal{E}t\epsilon \mathrm{d}\mathrm{i}\mathrm{V}(Du\otimes\epsilon Du\xi)$
$\eta\geqq 0$ (3.1) $\cross\eta-(3.2)\cross D\eta$
(3.1) $\cross\eta+(3.2)\cross D\eta$
(3.3) $\frac{d}{dt}\int\eta E^{\epsilon}dx=\int((\eta_{t}-\triangle\eta)E^{\epsilon}+D^{2}\eta Du^{6}\cdot Du^{\epsilon})dx-\int\eta|u_{t}^{\epsilon:}|2dx$,





(3.5) $\int E^{\xi}(t, x)d_{X}+\int_{0}^{t}\int|u_{t}^{\epsilon}(s, x)|2dxds=\int E^{\Xi}(0, x)dx$
$*$
$\{\Gamma.(t)\}0_{=^{t}}<\leqq t1$ (2.1) $\delta_{\text{ }}C$
\eta : $[0, t_{1}]\cross \mathcal{R}^{N}arrow[0, +\infty)$
$\eta(t, x)=\frac{1}{2}(\mathrm{d}\mathrm{i}\mathrm{s}\mathrm{t}(x, \Gamma(t))^{2}$ $(\forall(t, x).:\mathrm{d}\mathrm{i}_{\mathrm{S}}\mathrm{t}(x, \Gamma(\tau))<\delta)$ ,
$\eta(t, x)\geqq\frac{\delta^{2}}{2}$ $(\forall(t, x)$ : dist $(X, \Gamma(t))\geqq\delta)$ ,
$\eta(t, x)=\delta^{2}$ $(\forall(t, x)$ : dist $(x, \Gamma(t))\geqq 2\delta)$ ,
$|\downarrow\eta||_{c}2\leqq C$
$d(t, x)$ $\Gamma(t)$ $\Gamma(t)$ $d_{t}-\Delta d=0_{\text{ }}$
$\mathcal{O}=\{(t, x)|\mathrm{d}\mathrm{i}\mathrm{s}\mathrm{t}(x, \Gamma(t)<\delta\}$ $d_{t}-\Delta d\leqq C|d|$ $\mathcal{O}$
$( \eta_{t}-\triangle\eta)E\epsilon+D^{2}\eta Du^{\epsilon}\cdot Du^{\mathcal{E}}\leqq 2C\eta E^{\epsilon}+\frac{\mathrm{i}}{2}|Du^{\mathcal{E}}|^{2}-\frac{1}{2\epsilon^{2}}((u^{\mathcal{E}})^{2}-1)^{2}0$
(2)
$\frac{1}{2}|Du^{\epsilon}|2-\frac{1}{2\epsilon^{2}}((u^{\mathcal{E}})^{2}-1)2\leqq\frac{1}{2\epsilon^{2}}(q’(\frac{Z^{\mathcal{E}}}{\epsilon})^{2}(|Dz^{\Xi}|2-1))\leqq 0$
(3.6) $(\eta_{t}-\Delta\eta)E\epsilon+D^{2}\eta Du\cdot D\epsilon u\epsilon\leqq 2c_{\eta}E^{\epsilon}$ on $O$
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$\mathcal{O}^{c}$
$(\eta_{t}-\triangle\eta)E^{\Xi}+D^{2}\eta Du^{\epsilon \mathrm{i}}$ : $Du^{\Xi} \leqq\frac{2C}{\delta^{2}}\eta E^{\epsilon}$
$C$ (3.6) $[0, t_{1}]\mathrm{x}\mathcal{R}^{N}$
(3.3) Gronwall









(3.4) monotonicity formula (cf. [24, 14])
(3.8) $\frac{d}{dt}\int\eta E^{e}dx=\frac{1}{2(t_{0^{-}}t)}\int\rho(|Du^{\epsilon}|2-E\Xi)dx\leqq 0$ $(\forall t<t_{0})$
$\alpha^{e}(t;t_{0},x_{0})=\int\rho(t,X)d\mu_{t}^{\xi}(X)$ $(t<t_{0})$
Lemma 3. 2(Clearing-out lemma, cf. [22, $\mathit{1}\theta]$) $\epsilon||Du^{e}||_{\infty}\leqq k_{1}$
$C>0$
$W(u^{\mathcal{E}}(t_{0^{-\mathcal{E},x_{0}))}}2 \leqq C(\alpha^{\Xi}(t_{0^{-\epsilon^{2}}};t_{\mathit{0}},X\mathit{0}^{)})1/(N+1)$
$\leqq$ $C(\alpha^{6}(t;t_{0},x\mathit{0}^{)})1/(N+1)$ $(\forall t\leqq t_{0^{-\epsilon^{2}}})$
111
3.2 Convergence to smooth flows
$\{\Gamma(t)\}\mathit{0}<=t<t_{\text{ }}=\text{ }(2.1)$ 3. 1
(3) $\mu_{0}(\cdot)=\mathcal{H}N-1(\Gamma(0)\cap\cdot)$ $\mathcal{H}^{N-1}$ $N-1$
(4) $\Gamma(0)$
Theorem 3. 3 $u^{e}$ $([0, t_{1}] \cross. \mathcal{R}N)\backslash \bigcup_{o_{=}t}<\leqq t_{1}\{t\}\cross\Gamma(t)$ $\pm 1$
(3.7)
$\int\eta(t,x)d\mu_{t}(\epsilon x)\leqq e^{Ct}\int\eta(0,x)d\mu\xi \mathrm{o}(X)$ $(\forall t\in[0,T_{1}])$
(2) $-(4)$
(3.9) $\lim_{\epsilonarrow 0}\int\eta(t,x)d\mu_{t}^{\xi}(X)$ $(\forall t\in[0,t_{1}])_{0}$
(2) (3.5)
$\mu_{t}^{\epsilon}(\mathcal{R}^{N})\leqq\mu_{0}^{e}(\mathcal{R}N)\leqq c_{0}$
$t_{0}\in(0, t_{1}]$ $x_{0}\not\in\Gamma(t)$ $R=\mathrm{d}\mathrm{i}\mathrm{s}\mathrm{t}(X_{0}, \Gamma(t0))/2$ $\epsilon>0$
$t<t_{0}$ $\alpha^{e}(t, t_{0,0}X)$ $B_{R}(x_{\mathit{0}})$ $\mathcal{R}^{N}\backslash B_{R}(xo)$
$\alpha^{\epsilon}(t;$ to, $x_{0)} \leqq\frac{C}{R^{2}(t_{0^{-}}t)^{(d}-1)/2}\int\eta(t,x)d\mu^{\epsilon}t(x)+\rho(\wedge-t,Rt_{0})C_{0}$
$\rho(t, x)=\rho(\wedge t_{0}-t, |x-X0|)$ (3.9) $r$
$\lim_{\epsilonarrow 0}\sup\{\alpha^{\Xi}(t-\epsilon 2;t, x)|t\in[r, t_{1}], \mathrm{d}\mathrm{i}\mathrm{s}\mathrm{t})x, \Gamma(t))\geqq r\}=0_{0}$
Clearing-out lemma




3.3 Proof of Theorem 3.1
2
Lemma 3. 4(cf. $[.\mathit{1}\theta \mathit{1}$) $\mathcal{E}_{n}arrow 0$ $\{\epsilon_{n}\}$ $\mu_{t}$
$\mu_{t^{n}}^{\epsilon}arrow\mu_{t}$ in the sense of. Radon measures $(narrow+\infty)$
$\phi\in C_{0}^{\infty}(\mathcal{R}^{N})$ $t_{\text{ }}>0$
(3.10) $\lim_{t\uparrow t_{0}}\int\phi(x)d\mu t(X)\geqq\int\phi(x)d\mu t0(X)\geqq\lim_{0t\downarrow t}\int\phi(x)d\mu_{t}(X)_{0}$
$\sup_{\mathcal{E}>0,t_{=^{0}}>}\mu_{t}(\epsilon \mathcal{R}N)\leqq c_{0}$
$t\geqq 0$ $\mu_{t}^{\zeta}$ $Q\subset[0, +\infty)$
.
\epsilon n\rightarrow 0 $\mu_{t}$
$\mu_{t^{n}}^{\mathcal{E}}arrow\mu_{t}$ in the sense of Radon measures $(narrow+\infty,\forall t\in Q)_{0}$
$\{\varphi_{m}\}\subset C_{0}^{\infty}(\mathcal{R}^{N})$ (3.3)
$\frac{d}{dt}\int\varphi_{m}d\mu_{t}^{\xi}(_{\mathfrak{B}})\leqq k_{m}=k_{m}(\varphi m)$










$f_{m}(t)= \lim_{narrow+\infty}fm\epsilon_{n})(t)$ $(\forall t\geqq 0, m=1,2, \cdots)_{0}$
$f_{m}(t)$ $\varphi_{m}$ \mu t
$f_{m}(t)= \int\varphi_{m}d\mu_{tm}-kt$ $(\forall t\geqq 0, m=1,2, \cdots)$
$\{\varphi_{m}\}$ $\square$
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$d\mu=d\mu tdt,$ $\Gamma=\mathrm{s}_{\mathrm{P}^{\mathrm{t}}}\mu,$ $\mathrm{r}(t)=\mathrm{S}\mathrm{P}^{\mathrm{t}}\mu_{t}$
Lemma 3. 5 $\Gamma=\overline{\bigcup_{t>0}\{t\}\cross\Gamma(t)}$ $\Gamma^{c}$ $u^{\epsilon_{n}}$ ( $\pm 1$
$C= \bigcup_{t>,=0}\{t\}\cross\Gamma(t)$
$to>0_{\text{ }}$ (to, $x\mathrm{o}$ ) $\not\in\Gamma$ $\delta\in$ ( $0$ , to) $\phi\in$









clearing-out lemma $u^{e}$ 2
3. 1
$\delta(t,x)=\mathrm{d}\mathrm{i}\mathrm{s}\mathrm{t}(x, \mathrm{r}(t)),$ $d(t,x)=\mathrm{d}\mathrm{i}\mathrm{s}\mathrm{t}(x, \Gamma_{t})$
$\Gamma_{t}\text{ }.\Gamma$ $t$ 3. 5 $\dot{\text{ } }$ $\delta_{*}=d$
$\delta$ $\{d>0\}$
$\varphi$
$d-\varphi$ $(t_{\text{ }}, X_{0})\in(0, +\infty)\cross \mathcal{R}^{N}$
(3.12) $.\beta=-$ [$\varphi_{t}$ (to, $X\mathrm{o})+F^{*}(D\varphi(t_{00},$$X),$ $D2\varphi(t0,x\mathit{0}^{))}$ ] $>0$
114
$0<d(t_{0},$ $x_{\mathit{0}^{)}}<+\infty$ $d$ $(t_{\text{ }}, x_{0})$









$d_{t}-\Delta d<\wedge\wedge 0$ on $(t_{0^{-}}r, t_{0}+r)\cross\Gamma_{t}\cap B_{2r}(y_{0})$
$y\mathit{0}\in\Gamma(t_{0})$ $d(t_{0}, x_{0})=|x_{0}-y_{0}|$
$\eta$
$\eta(t, x)=\frac{1}{2}d(t, X)^{2}\wedge$ $(0\leqq\hat{d}(t, x)<<1)$ ,









$\delta$ $(0, T)\cross \mathcal{R}^{N}$ (2.2) $h_{\epsilon}(r)=(r-\epsilon)^{+}$
$\varphi$
$h_{e}(d)-\varphi$ $(t_{\text{ }},x\text{ })$
$d(t_{0}, X_{0})>0$ $d$ $\{d>0\}$ (2.2)
2. 6
$\varphi_{t}+F^{*}(D\varphi, D2\varphi)\geqq 0$ at $(t_{0}, X_{0})$





Clearing-out lemma $(t_{0}, x_{0})\not\in\Gamma$ $d(t_{0}, x_{0})=^{\mathrm{o}}$
$\varphi_{t}(t_{0},x\mathrm{o})\geqq 0$
$|x-x_{0}|<\epsilon$ $h_{\Xi}(d(t0, x))=0$ $D\varphi(t_{0,0}x)=0_{\text{ }}$
$D^{2}\varphi(t_{0}, x_{0})\leqq O$ $h_{\epsilon}(d)$ (2.2) $\epsilonarrow 0$




$+\mu p\cross p)=\lambda F(p,X)$ $(\forall p\in \mathcal{R}^{N},\forall X\in S^{N},\forall\lambda,\mu\in \mathcal{R})$
$-\delta$ (2.2)
2. 6 $\{\Gamma(t)\}_{t\geqq}\mathit{0}$ (2.1) 3. 4
3. 5 $\square$
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